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INTRODUCTION AND HISTORY
It is the purpose of this paper to review the
literature heretofore written concerning the anemias
peculiar to pregnancy.

llii.ucb work has ueen a.one,

especially in the past ten years, but the variod reports te~d toward great confusion.

It is my hope, by

eliminating reports that appear to Le inaccurato and
by stressing those which show care and precision, to
make clear the conception now held by the best observers.
As a guide,

I have used the following definition

of anemia of pregnancy.

True anemia of pregnancy may

be defined as a condition characterized uy deer.ease
in red blood cells or hemoglobin or both below the '
levels which may be considered as physiologic for the
period of gestation, .such decrease beiag associated
,vith and dei)enaent on tbe gravid stata.
Nasse, in 1836, first d0scri1Jed a reduction in
the num·oer of red blood cells in prep:nant women, and
in 1842, Channing (16) reported ten cas3s of severe
anemia in women.

Since that time numerous observers

have recorded their opinions on the subject.

Becquerel

and Redler, 1884, Kiwiscr,, 1884, Caseaux, 1850, and
Scanzoni, 1867, were amone:. the e,,rliest to discuss its
occurrence, and Lebert, 1853, described a series of
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cases of severe anemia in women during the puerperium.
The existence of severe anemia which may complicate
pregnancy has been acceoted since that time, bu L the
existence of a mild, hypochromic, microcytic anemia
bas oeen alternately c1.ff irmed or denied until the lc1.st
few years.

il.Odraal and Gavaraett, 1,egnault, Caseaux,

Bernbard, Fehling, 5piegelberg, and di :1cocks reported
its occurence, wl.ile Dunbar, Ingerslov, Limbeck,
lV,3yer, .Fetcr, Reinl, and Schroeder supplied the

opposition. (30)
Since the turn of the century the leaders in the
work have ·oeen henderson (45), 1902, Blumenthal, 1907,
Tbompson, 1904, Givin, 1906, Sondern, 1907, Dietrich,
1911, Larabee (58), 1925, and Adler, 1924.

(12).

The names in the past fifteen ye~rs are too
numerous to mention, but a·few of the outstanding
investigators are Dieckmann and i,egner (25), 1934,
Blanu (11), 1930, Corrigall and utrauss (19), 1936,
oet11ell (9), 1936, Castle (56), 1932, and many others.
dith this brief resume of the tistorical tackground I now turn to tbe body of my thesis.

3

'l'HE BLOOD- OF NORMAL NON-PRi!:GNANT v,OME.N

In order to establish the occurrence .of anemia in
pregnant women and to determine its extent we must study
the blood of normal non-pregnant women.

The first

important work done in this line was that by Miller,
Keith, and Rowntree(68) in 1915.

They determined the

amount of blood in cubic centimeters per kilogram
found in the normal non-pregnant woman.

The normal

range was from 80 to 91· c. c, with an average of
84 c.c./kg.
?owlowe (77), using the falling drop technic of
Daroour · and P.amil ton, in 1930 esta·olished the average
normal specific gravity of the blood in females in
the afternoon as 1.053,
In a series of non-pregnant healthy women, Adair
and his co-workers ( 1), 1936, found the average hemoglobin level to be 12.76 gm., and the packed cell
•
volume 40.76%.
In 1934, Richter, Meyer, and Bennett(79) studied
the blood of six non-pregnant women and determined the
following averages:

Hemoglobin 74. 7;%,, total blood

volume. 4,455 c.c., total plasma volume 2,539 c.c.

~x-

pressed in c.c./kg. tbe blood vol~me is 7S,5 c.c./kg.
'£his is somewhat lower tr.an the value determined by
l<"iller, Keith, and Howntree ( 68),
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In a group of fifty healthy non-pregnant women,
Bethell (9) found the following:

Hemoglobin range

.12.i+ gm. to 15.4 gm., average 13.8 gm.; cell volume

%range

37% to 47%, average 41.7%; erythrocyte count

range 4.05 million to 5.28 million, average 4.66 million.
liiddowson (95), 1939, conducttJd an experiment using
normal men and non-pregnant women.

He recognized t,,at

the blood of the women·had a lower hemoglobin level than
the men.

He also found that the hemoglopin of women

approached that of men after iron administration while
that of men did not rise, and subsequently the level
of women fell while that of men remained the same.
'.Vintrobe (99) did a great deal of work and reviewed the literature up to 1933.
following values.

He recommends the

Red blood count range 4.2 to 5.4

million, average 4.8 million; Hemoglobin range 12 to
16 gms, average 14 gm.; volume packed cells range
37 to 47

%, avera_;e 42;b.

'I'ne results of his investiga-

tions can oe seen in 'I'able I.

TABLE I
BLOOD OF NO&\IAL WO.t.illl-1*
Locality

u.
u.
u.
u.
u.

No.
SubJects

Erythrocyte
Count

Hemoe;lobin

Volume
Packed
Cells

41.5

s.
s.
s.
s.

East

73

4.78

14.0

Mid-west

15

4.89

14,3

West

2

4.70

14.1

41.5

South

11

4.85

14.1

43.0

fJ.

J\ii.id-west
(Haden)

30

4.38

13.4

Mid-west
(Haden)

12

4.26

13.3

39.0

100·

4.86

13.7

42.4

50

4.93

13.8

41.5

Various Parts
of the World

210

4.78

13.9

41.0

Denmark (Gram
& Norgard)

10

4.56

13.0

40.5

Denmark (Bie
& Moller)

10

4.70

13.3

38.7

England
(Price-Jones)

100

5.01

13.9

Williamson

49

4.65

13.0

40.6

Average
(Wintrobe)

369

4.85

13.9

41.8

Average
Dieckmann
& Wegner)

278

4.78

13,9

41.1

u. s.
' u. s.

West
(Osgood)

·u. s.

South

*

43.1

From Win trobe ( 99), 1933
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Let us now turn to a study of the. blood values
in the normal pregnant ',rnman.

The existence of a true

Physiologic anemia, or psuedo-anemia, of pregnancy
was suggested many years ago.

In 1887, opiegelberg

stated; · "It is an old doctrine that the quantity of
blood increases, that a plethora sets in, during pregnancy ••• Indeed, I, in conJunction with Geschleicen,
have shown that such an augmentation takes place in
'
dogs, at any rate, during pregnancy, and a similar
change prooably occurs in heal thy women. "

Willcocks,

in 1881, described twenty-six cases of pregnancy and
conclu1ed that tbe condition of the blood in healthy
women does not constitute true anemia, but is accounted
for '~y the large increase of water of the plasma''.
During the laEt twenty-five or tLirty years numerous
attempts have Deen made to establish thd occurrence
anri eatim&tc tJ.1e extent or the plet£4.ora of pregnancy.

Zuntz, ii.iller, Keith, and Rowntree (68.), !\Lahnert,
Gueis,az end ,1anner, Kaboth, Neubauer, .Botmen and
Beermann, finatek, and 5choenholz agre0d on its occurrence, but disagreed as to its extent. (30}
Henderson ( 45) in 1902, was one of the first
workers to examine the blood both at term and during
the first ten days post-partum.

In a series averaging
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forty-five women at term, he found changes characteristic of a mild anemia.

Lefore the end of the puer-

perium, however, the blood had usually returned. to its
normal state.

He believed the anemic condition to

be normal, due to hydrer1ia and to the long-continued
drain uy the fetus.
:,'.iller, Keitti, and rlowntree (68), 1915, found
that in pregnancy at term t,,e amount of blood in c.c.
per kilogram ranged fron, 67 to 115, av<.Jrage 96, in
contrast to their determined normal average of' 84.
They stated that the averap;e decrease in blood volume
seven to ten days post-partum was 1,100 c.c.

Their

explanation of this decrease is that the fetal blood
takes up most of this volume from the maternal circulation.

This explanation has since been proven

erroneous.
Kehrer (50), in a review of the literature up to
1923, conclu1ed that during the second half, and especially during the last two months,of pregnancy, a
marked increase in the blood volume occurs.

He also

concluded that the reu cell count, as well as tile
hemoglobin, is near the upper limits of normal and
tr1a t during the la,,t month there is an additional
increase.

7

Kunnel, in an excellent serial study of fifteen
normal pregnant patients in 1926, concluded. that there
is a gradual drop in hemoglobin, cell volume, and
erythrocyte count until the sixteenth to the twentysecond week.

This low level is maintained until the

thirtieth week when these substances begin to increase.
The hemoglobin concentration is not normal until weeks
or months after delivery.
Galloway (35), from studies on 228 cases of pregnancy found an average hemoglobin of 71% and an average
erythrocyte count of 3.66 million during all months of
pregnancy.

In examinations made twelve days post-

partum, the average hemoglobin was 80%, and the average
red count 4.45 million.

tie substantiated these r,osults

in later work(36) and concluded .that this anemia is
Physiologic and due to the destruction of maternal
blood cells by a hemolysin in the chorion.
Nalle (73), 1930, also concludes that "physiologic
anemia of pregnancy" is an entity and is most marked
in the seventh month of gestation.
Bland and Goldstein ( 11), 1929, studied fifty
patients showing anemia in pregnancy with a hemoglooin
varying from 42% to 87% ana an e, ytnrocyte count from
2,3 to 3,98 million cells.

They found tbat 46 patients,

or 92% made a spontaneous recovery within six months.

8
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They concluded that the blooci deficiency is probably
Physiologic and dependent upon the pre(",nancy per se,
In 1930, Bland, Goldstein, and Pirst (12) reported on 300 cases, and later upon 1,000 cases (13),

They

supported their previous conclusions, and also stated
ti]at the incidence of this physiologic anemia is
apparently not affected by parity or age, and only
slightly by environmental circumstances.
Suwa (91), 1930, in Japan, examined the blood of
146 pregnant women.

he found a decrease in both red

cells and hemoglobin, greatest in the ni'nth and ·tenth
months,

After delivery there was a gradual return

to normal.
~owlowe (77) investigated the specific gravity of
the blood of 75 patients during pregnancy and postpartum.

Assuming 1,053 as the average normal, and

1. 050 as the minimum for non-pregna:1t women, h_e found
that 79% of his patients exhibited some degree of
anemia during pregnancy.
during the puerperiurn.

He f'oun<;l. no striking change
He concluded that the physio-

logic anemia is represented by specific gravity values
between 1,050 and 1.040, while tt;e pathological anemias
are more apt to ue represented by values below 1,040
Harvey (44), 1931, in a study of 100 pregnant women,
affirmed the work of most previous L;vestigators.
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In their series of 116 normal women, Adamson and
Smith, 1932, followed the cases throughout pregnancy
and f'or one to two weeks post-partum.

Only

28% main-

tained a hemoglobin level of 70%, uut none dropped
below ·50,1L

'rhe average level showed a drop in tlie

second trimester from

76% to 68%.

This average was

maintained t,1rou3hout the Liiird trimester, but in the
first two weeks post-partum tlle blood recovered.
Their conclusions were that a moderce.te anemia is coff,mon
in normal prccgna.ncy and does no ha.rm to the mother or
child.

It clears up entirely in two to three weeks

post-pa.rtum and requirec no treatment. (2)
In 1934, Dieckmann and :.egner (25) reviewed the
literature and pointed out that previous workers had
made the mistake of' estimating the variations in blood
volume of different women at various periods and expressing their results in relation to body weight.
'l'hey followed a series of healthy women throughout
pregnancy and for eigJJt weeks post-partum, and based
their conclusions on the data ol:tained by repeated
exan:inations on the se.n:e patients.

They found tr1at the

blood and plasma volumes begin to increase in the first
trimester, and by the thirteenth week the gain amounts
to

16% and i8% respectively.

At term the average in-

crease is 23% and 2~% respectively.

Tt1is change they

-,;
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designate as "oligocy themic hypervolemia".

At eight

weeks post-partum there is an average decrc,ase of 16%
for both blood and plasma volume.
In their series ( 26), they found that there is a
definite decrease in the, hemoglobin per 100 c.c.

·~'he

maximum decrease, about 15%, is from the twenty-sixth
to the thirty-fifth week.

ht two weeks post-partum

the hemoglobin is 17%, and at 8 weeks is 14% below
normal.

There is also a slight but definite decrease

in beinoglobin per kilogram during pregnancy.

the

chan[seS in the hernatocri t value, as well as the erythrocyte count, are similar.

The total amount of hemo-

globin, however, shows an average increase of 1370 and
the total cell volume and average increase of 20%.
;:;ince the increase in plasma volumE:J is greater than the
increase in cell volume and hemoglobin, the latter
constituents show a relative decresse and an absolute
increase.

Dieckmann and ,,iegner thus feel that the

changes in blood volume, cell volume, and hemoglobin
are part of a mecban ism by wbich the body is aul e to
take ca,,e of its own increase in tissue and the metabolism of the fetus wit,. tne 0,s;,,enditure of' che l0ast
amount of work.
In further studies (27) on their eerie~ of pregnant ,.,,omen, Dieckn:arm and .,,e ;ner found the.t t::e averace
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for each of the various blood indices remains close
to unity.
An inve0tigation similar to that of Dieckmann

and ,,egner w&.s carrieci ou 1., oy nicb tc:r, m<Jyer, anci
£ennetd79) in 1934.

.ilnalyzing t,:eir resultL we find

a reduction in plasma volurre of a..:out 30%
-with Dieckmann and "egner' s 16%.

cl

s coitD:cred

They made their

observations eight to ten days post-partum, and the
number of cases examined is much smaller than those
of J.;ieckmann and iiegner.
Feldman et al (31), in 1935, made deteI')llinations
upon the blood of 200 normal pregnant women which
revealed an increase in the water content with a concomitant fall in the hemoglobin and cell volume.
'rhe data was similar to that previously obtaineu uy
them. with the pregnant rat.
Oberst and Plass (75), 1936, .,reen-Armytc,ge (40),
1935, Evans (30), 1937, and Labate (57), 1940, all
found a decrease in hemoglobin· concentration and red
cell count during pregnancy but a rise to normal levels
during the puerperium.

they· agree with other investi-

gators that this phenomenon is not a true anemia, but
is due to hydremia.
Thompson, hirsheimer, Gibson-, and ii.vans ( 92) in
1938 made a carefully controlled study on fourteen
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normal pregnant women.

'rhey made numerous determina-

tions throughout pregnancy of total blood volume,
total plasma volume, total cell volume, and total hemoglobin.

'l'hey came to the following conclusions:

(1) There is a progressive increase in the plasma and
total blood volume beginning early in pregnancy which
ree.ches a maximum in the ninth lunar month.

( 2). During

the tenth lunar month there begins a definite decrease
in both the plasma and total blood volume wiiich by tne
ena of the second post-partum week orings tl"em close
t,o tne average norrr;al non-pre5nant level.

(3) H1ere is

a definite absolute increase in the total cell volume
and total herr.oglobin during the latter months of pregnancy, but one that is distinctly less in proportion
than the increase in plasma volume.

(4) ·rhe dispro-

portionate increase in plasma volume appears to be
accountable for the phenomenon of hydration of the
blood in pregnancy.
The results of many of these workers are tabulated.
in Table II and III.

TABLE II
BLOOD OF PREGNANT WOMEN*
Author

Bernhard, 1892
Thompson, 1904
Harvey, 1931
Kerwin &
Collins, 1926
Lyon, 1929
Moore, 1929
Jervlov, 1929
Galloway, 1929
Bland,
First, &
Goldstein,1930
Dietrich, 1911
Skajaa, 1929
Plass &
Bogert, 1924
Gram, 1920
~hnel, 1926
Davidson#
Mackay#
Boycott#
Balfours &
Drury#
Rowe
Richter,
Meyer, &
.l:lennett
Adair,
Dieckmann,
& Gra.nt
Dieckmann,
& Wegner
Bethell

Sub].

Hematocrit
R.B.C.
Preg.
Preg.
Preg.
Norm. Min. Norm. Min •. Norm. Min.
~

12.6-12.6
100

13.8

242
200
100
1143
382

13.1
12.9
10.8
10.48
11.1

300
19
120
78

12

4.56-4.55
4.30
3.58

39.8

3.51
4.14
3.87

11.2
3.50
incr. 4.40 incr. 43-47 27-44
44.4 36.4
39.5 31.6
36-45
39.5-44.5

15
819
109
222

11.6 10.1
15.8 12. 7
10.78
11.52
13.8 12.11

311
77

11.96
10.2

61

10.4

7412

10.16

3.36

33.11

115

13.0
10.0

4.16
3.5

38.32

# From Boycott (14).

*

Modified from
Dieckmann & Wener
25).

'fAilL;!; III

BLOOD V OLU.ME IN PREGNANCY*

Method

Author
Plesch
Zuntz
Schoenholz

eo
co
co

Re!=l. ·

Fries

Antitoxin
RefractoMetric

Gueissa
Wanner

&

4.7-6.1

6.3

Trypan

Schoenholz

Mahnert

Blood Vol. ~
No.
Non-preg. Prag.at term Puerper.

--

.

8.4

6.9

6

6.7

6.5

40

9.0

9
8.7

10

7.9

7.4

6.3

8.0

10

12-15% incr.

12
20

Refractometric

Kaboth

Congo Red

6.2

6.8

Neubauer

Congo Red

6.8

7.4

Koch &
Ja.kabovits

Congo Red

5.7

5.4

24

Bohnen &
Boormann

Congo Red

6.4

7.6

20

Bottcher

Trypan Red

8.4

9.7

10

Hnatek

Trypan Blue

7~8

9.4

Rowntree
& Brown

Vital Red

80.2-91.3
ave.84.2 cc/kg.--

Congo Red

Pl 47 .8 p56
ave.50.5 cc/kg.--

II

Miller,Keith, Vital Red
Rowntree

&

-

,. _;

)

6.2

8.6

9~6
· 61t""ll5, 91cc.
1:1.38 .1-72. 7
ave.54.5 cc/kg.

*From Dieckmann

8

&

85.7

Wegner ( 25)
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MINIMUM BLOOD VALUES IN PREGNANCY
Nhat tben are the minimum values for blood in the
normal pregnant woman?

Table II shows the opinions of

a large group of investigators, and at a glance it
is seen that tl1ere is a markeu diver5ence of opinion.
6ome of the more recent workers have studied their
patients carefully and have arrive(} at a more concise
answer to the problem,
In a series of over 7,000 patients Adair, Dieckmann,
and Grant (1) Found the following statistics:

Average

hemogloin 11.56 gms with a range from 4.0 t_o 16.9;
average cell volume 37.31% with a range from 15 to 54;
average erythrocyte count 3.77 million with a range
from 1.6 to 5.0.

They conclude that the blood values

are definitely decreased during pregnancy and that the
normal standards for non-pregnant women differ from
those

01

pregnant ,'/Omen.

the minimum tigur<:lci in normal

pregnancey should be 10.16 gm. for hemoglobin, 33,11%
for cell volume, and 3.36 million for the erythrocyte
count.

They found 11.6% of pregnant patients to have

anemia according to these standards, but 63. 2:11: if the
standards for non-pregnant women are used.
Bethell, Gardiner, and MacKinnon ( 10) , in 1939,
determined standsrds for average and minimum red cell
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and hemoglobin values in pregnancy on subjects on the
ua2is of return within six wee.ks after delivery, to
non-pregnant normal levels in the absence of medicinal
or diet tlaerapy.

They regard and eryttrocyte count of

less tban 3.5 million or a hemoglobin value of less
than 10.0 gm, occurring at any time during pregnancy
as evidence of true anemia.

These values are somewhat

lower than those established by Bethell (9) in 1936.
At that time he determined that the volume of plasma
is augmented by 25% in the last trimester and. coneluded that the lowest levels to tJe explainec.:c by hydremia are 3.7 million red cells and 11.3 gma bemoglobin.
No wholly satisfactory standards for the ·ulood
values of pregna.ncy have aE yet been formulated, and
among tl-,e investigators there is considerable divergence
of opinion regarding the minirrum levels of' red cell
count, hemoglobin, and cell volume which may be considered normal for the pregnant woman.

The increase

in plasma volume which commonly accompanies gestation
results in a diminished concentration of the corpuscular elements of the blood.
As yet no causal factor has been demonstrated to
explain this increase in plasma volume during pregnancy.
1>1) 'Ille argument that tne maternal organism is tr1er·eby

prepared for tt1e blood loss at parturition may be true,
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but offers no explanation, (2) It seems unlikely that
the fetal respiratory exchange througl1 the placenta
benefits from a dilute maternal blood (25),

(3) It

has been suggested that the vascular siusoids at the
placenta are, in effect, an arteriovenous fistula ( 92),
Since an increased blood volume ha:, b,c:en found in nonpregnant individuals with abnormal arteriovenous communications, this may "oe a contributory.

It is

difficult to explain, on this basis, the pre-deltvery
decrease in volume.

Also non-pregna~ patients with

arteriovenous fistulas do not exhibit the relative drop
in solid constituents.

(4) That some hormonal influence

may effect the blood volume changes is possible.

The

.

increase early in pregnancy and tl1e pre-delivery reduction in volume seeu:s to support tLis theory,

"'ore

investigation is required, however, before any conclusions can be drawn.
The changes which occur in the blood during pregnancy are of the utmost complexity and it would be
hazardous in the present state of our knowledge to make
dogmatic statements about them,

Assumed minimal blood

levels for pregnancy based on the observed maximum
degree of plasma dilution and the lower limit of the
normal range for non-pregnant women are open to a
number of objections, including the lack of knowledge

16

of either the pre-gravid blood level or the actual
increase in plasma volume.
It would appear in a general way, however, that
decreases in hemoglobin which do not go below the level
of 10.0 gm. per 100 c.c. are due chiefly to hydremia.
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CLASSIFICA'rION OF THE ANli:MIAS OF PREGNANCY

Before we enter upon a dJecuseion of the true
anemias of pregnancy we must make some attempt at
classification of these anemias.

I have modified a

classification from Adamson and Smith (2), and while
there is a certain amount of over-lapping I feel that
it is the most adequate classification.
A.

Coexisting with, but unrelated to, pregnancy.
l'rimary Anemias--pernicious anemia, Ban ti's

1.

anemia, sickle cell anemia, leukemia, etc.
Secondary Anemias--due to pre-existing disease--

2.

nephritis, heart disease, chronic infection, etc.
Anemias due to complications of pregnancy,

B.

e.g. pyelonephritis, toxemia, bleeding, etc.
Anemias directly due to pregnancy.

C.

1.

Physiologic anemia of pregnancy.

2.

Hypochromic anemia of pregnancy.

3.

Macrooytio anemia of pregnancy.

4.

Hemolytic anemia of pregnancy.
It is with the third group (C) that this thesas

deals.

I have already discussed the physiologic anemia.

The remainder of the paper will deal primarily with
hypochromio anemia, macroeytic anemia, and hemolytic
anemia.
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HYPOCHROMIC ANMiIA OF rREGNAl~CY

Definition
The most common anemia of pregnancy is a microcytic hypochromic anemia of slight to severe degree,
low color index, insidious onset, slowly progressive,
usually asymptomatic, associated with pregnancy, frequently improving post-partum and due to an iron
deficiency.
It has been referred to under a variety of names
such as; nutritional anemia of pregnancy; chloratic
typ:e of pregnancy; physiologic anemia of pregnancy;

secondary anemia; achlorhydric anemia of pregnency;
but hv po chromic anemia is the better term as it de-

-"

scribes it more accurately.
Incidence
Because of the divergence of opinion in regard to
normal minimal blood values in pregnant women, the
reported incidence of true anemia of pregnancy varies
considerably according to the investigator.
Reid and Mackintosh (78) report an incidence of
10.2% in 1108 women •.

Toland (93) found the incidence

to be less than_ 10% in 670 pregnant patients.

Lyons

stated that among one-third of 200 patients examined
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by him the hemoglobin was less than 70%.

Bland et al (12)

found 50% of two hundred ward cases anemic, and 26% of
one hundred private patients.

Labate (55) reported

anemia in 48% of 881 patients in labor.

Adair (1)

found 11.6% anemic on standards of 10.0 gm. of hemoglooin as a minimum normal level.

.6ethell (10) fou.nd

54% of 158 patients with blood values too low.

First

and Goldstein (32) reported 47.4% of 1000 pregnant
women to have erythrocyte counts of 3.5 million or
below, while Watson (94) states that the incidence of
true anemia of pregnancy is probably in the neighborhood of 5%, and Boycott reported an incidence of 6*.
Davies and Shelley (23) found a mild to moderate anemia
in 12% of 51 patients in cllgland; and in New Zealand,
a 14% incidence of anemia during pregnancy was reported
by Mc George. .
Chap,.iell and Bivings (17 / studied tne red cell
counts and hemoglobin levels of 404 Negro women and
found that the ma.jori ty had an increasing anemia as
pregnancy progressed.

Mussev ( 72) reports that second-

ary anemia is quite common and there is a tendency for
it to increase as pregnancy progresses.
It may be seen from the above reports that there
is no conformity of opinion as to incidence.

i,hile

the reported incidence varies between 5% and 55%, it
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may be seen that the majority found an incidence between 5% and 14%, and it is probable that this ranf!e
represents a fair cross-section the world over,
~

and Parity.

All of the observers read, with one

except ion, reported no correlation cetween age or
parity and the blood levels.

Kerwin .and Collin-a (51)

noted that old multipara are more prone to develop
anemia than are primipara or young multipara.
Social Status and Income •

.Most investigators agree

that anemia is slightly more common in the low income
group, although Natson (94) thinks that only the extremes of poverty and au.verse environment are reflected
in the blood picture.
Seasons.

Davis and Halker were the only workers to

report a seasonal variation.

They found the incidence

to be higher in the winter than the summer; almost 90%
of patients in the former, and 43;16 of patients in th.e

War.

Hamilton and 'iiright (43) have recently attempted

to det 3rmine whett,er the current war-time dietary
restrictions in .li:ngland have had any detrimental
effect on hemoglobin concentration during pregnancy.
They studied 392 pregnant women and concluded, from
comparison with other publisheci figures, that women of
tbe artisan class are more anemic than before the war.
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Syphilis and other conrnlications.

l.,ost investigators

report that there is no relation between sypcilis or
abnormalities in pregnancy and the incidence of anemia.
ETIOLOGY
Since it bas been shown that a substantial proportion of pregnant women show evidence of true anemia,
there must be factors active in normal pregnancy whicb
predispose to this disorder.

1i,any theories have been

a·lvanced as to what these factors are and several wll 1
be discussed below.
Lyon (62) and Fullerton (34) believed that marked
hypochromic anemia of pregnancy is probably dependent
upon the existence of a pre-existing anemia which was
not necessarily dependent upon the pregnancy per se.
On the other hand, Strauss and Castle

(86) assumed from

their studies that the existence of an anemia prior to
pregnancy apparently need not condition an anemia of
greater degree during gestation.
Neither btrauss and C1J.stle nor Green-Armytage (40)
found evidence su9porting the t:;eory that a toxic hemolysin is produced by the fetus or placenta (3, 68); nor
do they believe that a toxic inhibition of the bone
marrow (68) occurs since there is no inriibition of
leukocyte formation.
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The majority of investigators (63, 41, 10, 39, 86,

87, 40, 30, 17, 52) acree that bypochromic anemia of
pregnancy prooably bas it etiology in three main factors; defective diet, principally lack of iron; disturbances in pastric secretion; a chronic ·olood loss
of blooc. forming materials to the fetus,

It is my

opinion that these are .probably the causes of t:1e anemia,
and accordingly I will discuss the factors favoring tl;e
development of anemia under the following headings.
a. Inadequate diet
b. Defective Uti' ization
c. Fetal demands for blood formation.
d. Fetal iron storage
e, Maternal demand for new tissue growtll.
The first two factors naturally 5roup tog.atLer and
will be Ciscussed in that nwnner •. Tt:.e same is true of
the last tl:ree etiological factor.
a. Inaf!equate [;lei,

b. Def,cctive Utilization.

The studies of gastric secretion during gestation
are almost uniform in sbowing a high incidence of
diminished or absent free hydrochloric acid.

(5, 20, 56)

In view of the studies by Mattier and ;;1inot (66) which
sugp:est an inhibiting effect of achlorhydria upon iron
absorption_, tt1is factor gains in importance.

23

We are indebted greatly to Strauss and Castle (86, 87)
for much of our information concerning diet and gastric
secretion.

They studied gastric secretion in twenty-

four pregnant women and found that 75% did not secrete
normal amounts of hydrochloric acid and pepsin during
more than half of the pregnant period.

In eighteen

gastric analyses performed on non-pregnant women, the
free acid concentration averaged 38 c.c., with a minimum of 19 c.c.

Of their twenty-four women, three had

a persistent achlorhydria with no return of acid after
delivery; seven secreted less than 10 c.c. of N/10
hydrochloric acid per 100 c.c., five of which showed
improvement after delivery; eight patients secreted
less than 20 c.c., seven of these secreted normal
amounts within ten days post-partum; the remaining
six patients secreted normal amounts throughout pre.gnancy, but five showed a definite increase after
delivery varying from 50 to 90 c.c.
In a second group of twenty-two pregnant women,
Strauss and Castle studied the factors of gastric
secretion and diet.
groups:

These cases were divided into four

(1) Nine patients had 15 c. c. or more N/10

hydrochloric acid per 100 c.c. and were on an adequate
diet; the average hemoglobin showed a loss of only 5%
from the third month tc the day post-partum.
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(2) Three patients with less than 15 c.c. of hydrochloric and on an adequate diet showed a 9% loss of
hemoglobin,

(3) Three patients with achlorhydria and

a suitable diet showed a hemoglobin loss of 18%.
(4) Seven patients with less than 15 c.c. of acid and
on unsati_sfactory diets showed a loss of 14%,
Later, Strauss and Castle made observations upon
thirty cases of severe anemia of pregnancy showing the
blood picture of true hypochromic anemia.

The average

erythrocyte count was 3,35 million and the average
hemoglobin 5,5 gm.

Studies of gastric secretion and

diets of these women revealed that they all had either
a dietary defeciency or a disturbance of gastric function
or both.
They conclude that abnormal gastric secretion
and inadequate diets are both important factors 1n
causing anemia in pregnancy.
Some experimental w.ork has been done on gastrectomiz.ed dogs. (15, 48)

It was found that the dogs

showed a tendency toward anemia, and when they became
pregnant developed a marked anemia.
Chappell and Bivings (17), from their study of
404 Negro women, stated:

"Hydremia, diet, and gastric

deficiency, though contributory, are not thought to
be the principle factors in producing anemia associated

:,i
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with pregnancy ••• Some factor, so far undetermined,
but depending on pregnancy itself, must be responsible
for secondary anemia during gestation."
Goodall and Gottlieb (37) studied a series of two
hundred consecutive pregnancies.

The average hemo-

globin for the first, second, and third trimesters
were 11.2 gm., 10.5 gm., and 9.1 gm.

The red count

showed a decrease for the three trimesters from 4,3 to
4.1 to 3.7 million.

Gastric analyses for the three

trimesters reveals 51%, 13%, and 0.5% norm.al gastric
acidity respectively.
Davies and Shelley (23) studied the gastric secretion of forty-five pregnant women and arrived at
similar results.
Gray and Wintrobe (39) state that neither achlorhydria nor a defective diet alone qan cause anemia,
but when one or both are combined with the blood loss
to the fetus, anemia develops.
From this evidence we see that we have one potential cause of anemia, active in a great number of pregnancies.
c. Fetal Demands for Blood Formation.
d. l!!!i.l. ]t.Qn Storage.
e. Maternal Demand f o r ~ Tissues.
It seems evident that the fetus, by withdrawing
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iron from the mother for its own blood building needs,
may play an important role.
The Committee on Growth and Development of the
Child, published .in 1932 by the Medical Section of the
White House Conference, showed that a total iron content of 375 mg. in the mature human fetus is a fair
average.

It must be recalled that the maternal org-

anism has further need for iron in hypertrophied
muscles, and especially in the system of intervillous
circulation which must be developed.

'fhis requirement

has been estimated by Coons (18) to be 0.5 gm. of iron;
this, together with nearly 0.4 gm. for the fetus, makes
a total of 0.9 gm. to be supplied from the food or
body reserves during pregnancy.

An

average daily stor-

age of 3.2 mg. for the entire period would cover this
need.
In a study of twenty-three iron balances in nine
women at different periods of pregnancy, Coons (18)
has shown that iron was retained by the mother during
the first six months in excess of the low fetal needs
then existing.

However, during the last three months,

the daily iron retention rarely reached the 3.2 mg,
calculated as necessary.

It is interesting to note,

that the evera17-e storaF',e for the entire group was just
3.2 mg. per day.

With the exception of one woman,
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whose daily iron storage was only 0,88 mg., the diets
of these women were better than average.

Coons con-

cludes that under fairly ideal conditions of diet and
well-being, it seems ·possible for the maternal organism to assimilate enough iron from food to supply
the newborn infant, but that the margin of safety is
very small.

She feels that only the best diets are

capable of supplying the iron demands of pregnancy,
while poor diets, especially when associated with
gastro-intestinal disturbances, are inadequate.
Bethell (10), however, states that normal gestation places no great demand upon maternal iron stores.
If the am-ount of iron saved by nine months of amenorrhea be considered, then the total additional requirement of iron incident to pregnancy does not exceed
250 mg. or approximately the amount contained in
500 c.c. of blood.

Four possible factors are suggested~

(1) Prevalence of low iron reserves among non-pregnan~
women.

(2) Restricted utilization of iron reserve in

satisfying maternal requirements.

(3) Impaired absorp-

tion of dietary iron during gestation.

(4) Low intake

of food iron.·
It would appear from the above reports that the
loss of hematinic materials to the fetus resembles
slightly the chronic blood loss operating in other anemias.
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Here, then, is another factor,which might cause anemia,
active in all pregnancies.
I must conclude, from a study of these reports,
that under ordinary circumstances, the loss of hematinic materials to the fetus is not alone sufficient
to cause anemia in the mother, but when combined with
a deficient supply of iron an anemia may result.
deficient intake may result from:

This

(1) an inadequate

diet; (2) improper absorption due to vomiting or
diarrhea; (3) improper utilization due to the diminished
or absent gastric secretion so commonly seen in pregnancy.
Signs and Symptoms

It may be said that the symptomatology of hypo,.,
chromic anemia is chiefly that of anemia per se.
onset is insidious.

The

Pallor is generally definite but

may be overlooked unless specifically sought for.

A

lack of general sense of well-being and abnormal fatigue
are ordinarily the outstanding early symptoms.
in any anemia when severe, edema is common.

As

Dyspnea,

palpitation, and digestive disturbances are also often
encountered.
Objectively, the examiner al ways finds an anemia
with the hemoglobin lowered more than the erythrocyte
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count, and frequently finds achlorhydria.

Brittle

finger nails, as well as atrophy of the lingual papillae,
may be encountered, (52, 37, 41, 90)
Diagnosis and Differential Diagnosis
The diagnosis of hypochromis anemia is quite
simple.

It may be recognized easily from a study of

the peripheral blood.
The hemoglobin is always depressed to a greater
degree than the erythrocyte count so that the color
index is below 1, sometimes as low as 0.4.

The red

blood cells on stained film show moderate anisocytosis
and poikilocytosis, but the characteristic aspect lies
in the small size and. low hemoglob.in content of the
cells.

The volume of packed cells is r_educed, and the

mean corpuscular volume is diminished. (9, 20, 52, 90)
The response to large doses of iron which results
1n a definite reticulocyte response, a rapid rise in

hemoglobin, and subsidence of symptoms is diagnostic.(20)
Course and Prognosis
Boycott (14), Chappell and Bivings (17), Davis
and Walker ( 24) all have stated that hypochromic anemia
is progressive through gestation, and is followed by
a moderate spontaneous recovery after delivery.
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Boycott feels that this anemia is not, in itself,
dangerous to pregnancy.

On the other hand, Davis and

Walker found that there were more premature deliveries,
a greater number of toxemias, a higher fetal mortality,

a higher morbidity, and a longer labor in these cases
than in those whose anemic condition was corrected by
proper therapy.
Strauss (88), in his study of anemia in infancy
from maternal iron deficiency, states that no matter
how severe the anemia in the mother, the infant is
generally born with a normal amount of hemoglobin.
However, these infants commence to develop hypochromic
anemia at about the sixth month of post-natal life,
and without proper care the anemia usually .increases
, in severity until at least the end of the first year.
In anemic women treated with adequate doses of iron
during pregnancy, the infants did not become anemic.
before, or at the end of, their. first year of life.
Davies and Shelley (23) corroborated Strauss' results
in their work the following year.
Treatment

.

.

The literature on treatment of hypochromic anemia
goes back only fifteen or twenty years.

Apparently

most observers considered this anemia to be so mild
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that it required no treatment.

Since that time, how-

ever, numerous substances have been tried in the
treatment.

Among these are iron, liver, v.itamin B,

copper, hydrochloric acid.

Ultraviolet light has been

used, as well as transfusional therapy.

I will discuss

the relative merits of each of these agents under its
own separate heading.
1.

!};:gn.

Iron is the most widely used substance in

the treatment of hypoch~omic anemia, and it is now
generally recognized as being specific.
Witts (100) studied the metabolism of iron and
found that the available iron of food is reduced to the
ferrous state in the alimentary tract, absorbed principally in the duodenum, then either stored or trans.ported ta those places where it is required for the
building of hemoglobin.

He also states that only

one-half-of the available iron ingested is absorbed.
Fawler and Barer (33), from their study of the
retention and utilization of iron given orally, cqncluded that: "Patients with hypochromic anemia retain
large amounts of iron in the body; an average of 32.6%
of iron administered was retained by the body; approx:..
imately 1.96% of the iron administered was utilized
in the formation of hemoglobin; there was no correlation between the amount of iron retained and the increase
in hemoglab_in content.

11
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In 1929, Jervlov (46) treated one hundred and
twenty moderately anemic pregnant women with iron and
noted improvement in 90%.

Two years later, Mackay (65)

observed that thirty women who had been treated with
iron both during and after pregnancy had 4.8% higher
hemoglobin four months after confinement than a control
group of twenty-nine similar women not treated.
Two hundred women were studied during the last
four months of pregnancy by Corrigan and Strauss. (19)
Alternate patients were given 0,5 gm. of ferrous
sulfate daily; the others received placebos.

Initial

examinations of the two groups revealed similar blood
pictures:

Hemoglobin 11.2 to 11,7 gm.; red cell count

3,72 to 3,88 million.
observations were made.

At one week post-partum final
In the untreated group, the

average hemoglobin value was 11,7 gm.

Twenty-four of

these patients had a hemoglobin under 10.9 gm.

In

the treated grpup the average hemoglobin was 13.26 gm.
and none had a hemoglobin under 10,9 gm.

The average

erythrocyte count post-partum in the control group was
3,94 million and in the treated group 4.28 million.
They concluded that hypochromic an~mia in pregnancy
may b largely prevented by the routine administration
of iron, especially in the latter months of gestation.
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Bethell et al (10), in 1939, studied forty-two
patients with hypochromic anemia (hemoglobin below
10.0 gm.).

Ninteen patients received ferrous sulfate,

0.32 gm. three times daily; twenty-three patients
received no iron therapy.

The patients treated with

iron averaged 2.0 gm. more hemoglobin at delivery an:i ·
2.6 gm. more six weeks post-partum than those not
treated.

They believe that the majority of women de-

rive some benefit from iron medication,, therefore it
is justifiable to administer iron routinely.
Labate (55) studied 881 pregnant women during
the prenatal period.

325 patients who received iron

therapy were found to have an average hemoglobin of
11.61 gm. and an average erythrocyte count of 4.09
million during labor.

Three hundred and seven pat-

ients who received no iron had an average hemoglobin
of 8.16 gm. and an average blood count of 3.01 million.
He found that while an adequate diet in itself will
not prevent anemia, inorganic iron in the form of
ferrous sulfate, 1 gm. daily, is effective in restoring
the blood levels to normal.

He also advocates routine

administration of iron throughout pregnancy.
The great majority of other investigators (93, 14,
52, 38, 23, 86, 74, 30, 20, 8) favor the use of iron
in the treatment of hypochromic anemia of pregnancy.
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There remain minor arguments as to the relative merits
of the various iron compounds, but most agree that
inorganic iron in the form of one of the ferrous salts
is the most efficacious in raising the hemoglobin
level.

The accompanying Table, taken from Witts (100),

shows the average effective dose of most of the common
iron preparations.
2.

Vitamin therapy.

There is little in the litera-

ture 1n regard to the use of vitamins for the treatment of hypochrom1c anemia.
instance of its use.
11

••

I encountered only one

Gottlieb and Strean (38) stated:

,ferrous sulfate 1n combination with vitamin B

complex to be the most effective wi.thout greatly upsetting the gastro-intestinal tract."
3.

Liver.

Nalle (73), 1930, claimed better results

when liver and iron are used together than when either
1s given alone.

other observers (40, 79) indicate

that liver 1s beneficial, but Strauss and Castle (86)
stated that liver therapy effected no improvement 1n
their patients.
4.

Copper,

Damashek (20) noted that small doses of

copper may be of benefit in those few cases resistant
to large doses of iron.
5.

Hydrochloric acid.

As

Mettler and Minot (66} have

shown that an acid medium is more effective for the
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absorption of iron, certain men (30, 40) advise the
use of dilute hydrochloric acid three times daily.

6.

Ultraviolet light.

Galloway (35) advised the use

of ultraviolet light together with iron in the treatment of anemic pregnant women, while Green-Armytage (40)
stressed the importance of sunlight.
7.

Transfusions.

The use of transfusions in the

treatment of hypochromic anemia of pregnancy has been
restricted largely to those severe cases near term in
which there is insufficient time to raise the blood
levels by use of iron therapy.
Dieckmann and Wegner (25) considered blood transfusion a very efficient method for rapidly raising
the hemoglobin level, and in no way deleterious to the
mother or the fetus.

:wans (30) stated that if the

hemoglobin level is low in a woman a few weeks from
term, blood transfusion might be considered.
8.

Diet.

It is recognized by all that diet is import-

ant in the prevention of anemia, but certain men 'have
stressed it much more than others.

~bbs (29), 1943,

presented evidence to sbow tbat tile pregnant woman
requires more calories than ti1e non-pregnant.

He found

the women on the better diets to be less anemic.
Grogan (41) also pointed out the importance of a diet
high in protein.
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Thus, it would appear that hypochrornic anemia
can be prevanted by the routine administration of
iron throughout pregnancy,

As Strauss (90) puts it:

..The treatment of th is condition can be summarized
in a

$

ingle phrase:

iron in adequate dosage.

Six

grams of ferric ammonium citrate or one gram of ferrous
sulfate is sufficient .....

Adequate diet is, of course,

very important, and blood transfusion may be of definite benefit in certain severe cases,

TABLE N
AVERAGE EFFECTNE DOSE OF COMMON PREI'ARATIONS OF IRON AND ?ERCENT OF IRON ADu:INISTERED UTILIZED FOR HEMOGLOBIN FORMAT ION*

Preparation
Metallic
Ferrum Redactum

Daily dose
gm. or cc.
1,5-6.0

Ferrous
Ferrous Chloride 0.25-0.5
Ferrous Sulphate
0.6
Ferrous Lactate
1.5
Pil. Ferri. Garb. 3.0-4.0
(Blauds)
Ferric
Liq. Ferr 1. Perchl or. 8. 0
Ferric Citrate
2,0
Idozan (Ferric
Hydroxide) 30-40
Ferric Oxide
(Sol)
35
Complex Ferric
Iron ·et Ammon.
Citrate

4.0-8.0

Injection
Injection Iron B.P. 5,0-10.0

Iron content

(mg)

1200-5000
100-200
180
300
300-400

Utilization
(per cent)
0.5-2.0
12.4-25
14
8
6-8

400
400

6
6

1500-2250

1.1-1.7

1000

2.5

800-1600

1.5-3,0

16-32

100

*~odif' ied from
Witts (lOOj
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MACROCY'fIC ANJiaiIA OF Pfili;GNANCY

Dafinition
The macrocytic anemia of pregnancy may be defined
as a severe anemia. developing in pregnancy, characterized by a blood picture identical with add.isonian
pernicious anemia, and responding to the administration of substances effective in pernicious anemia.
It has been referred to as "pernicious anemia
of pregnancy", and by some recent authors as "megaloblastic anemia of pregnancy".
The term "macrocytic anemia" has be€n applied to
all types of anemia in wnich the mean cell diameter
and volume are increased.

In this section, however,

the term macrocytic anemia is used to designate only
those conditions which have been showp to be etiologically related to addisonian pernicious anemia.
Incidence
From a practical point of view, the macrocytic
anemia of pregnancy is of less importance, at least
in the Occident, than hypochromic anemia.

Into this

group fall most of those isolated cases of severe
anemia during gestation.
The incidence of this anemia in the temperate
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zones is not known, but has been estimated at one for
every ten thousand pregnancies. (7)

Evans (30) did

not find one instance of severe anemia in over four
thousand pregnancies in England.

Richter et al (79)

found no case in a years survey of a service averaging
four to five hundred deliveries per month.

Miller and

Studdert (67), 1942, encountered only twenty-three
cases of macrocytic anemia in five years, while Daniel
and Antis (21), in the same year, reported the first
recognized and treated case in eighteen thousand
deliveries at a New York hospital.
Other reports (60, 22, 10, 84) indicate an equally
low incidence.
On the other band, macrocytic anemia of pregnancy
is commonplace in the Orient.

More cases of this

severe anemia are now on record in India than in all
other countries combined.
The frequency with which pregnancy is complicated by macrocytic anemia in India is made apparent
by one of the first reports, that of Balfour,(6) in
1927.

This was based on 150 cases seen personally

between Oct., 1925 and April, 1927, and on 426 other
cases, the particulars of which she learned by sending
a questionaire to various hospitals.

Wills and Mlilhta

(96) reported sixty-six cases seen in Bombay during a
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six month period,

In an excellent paper, Mudaliar

and Menon(70) analysed 103 cases seen by them in India.
Gupta (42) saw 203 cases over a two year period.
By adding up the statistics of these reports, it
would appear that the hospital incidence in India of
sever macrocytic anemia of pregnancy is about 3%,

~.fil!Q. Parity.

In India neither the age incidence

nor the parity distribution seem significant. (6, 42, 96)
Lescher (60), in England, stated that this anemia usually occurs in multiparae, generally in the later years
of productive life,
Social Status.

It affects all classes of natives in

India, regardless of income. (6, 70)
Season.

There is no seasonal variation reported in

the United States of England, however all observers
agree that the disease, in India, is more prevalent
in the second half of the year.
Etiology
"rt would appear that the macrocytic anemia of
pregnancy is due to a deficient in.take of the extrinsic
factor, rather than a lack of the intrinsic factor." (28)
II

...

the most acceptable explanation of this anemia is

that the primary cause lies in a temporary failure of
the gastric secretion of the intrinsic factor of
Castle." (22)
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In the above two statements appear the controversy regarding the etiology.

Many support the first

theory, others follow the second, while the remainder
favor a combination of both.
Wills ( 97) , in India, found that the diets of her
patients were deficient in calories, total and animal
protein, and vitamis A, C, and B.

Since she found no

evidence of failure in gastric secretion, as seen in
true pernicious anemia, she assumed that either the
protein deficiency or the vitamin Black or both were
the etiological factors.

·Gupta· (42) similarly found

that the degree of anemia was proportional to the inadequacy.of the diet.
Numerous prominent investigators in other countries,
Bethell (IO), Ritter and Crocker (80), Daniel and
Antis (21) believe that the anemia is due to lack of
the extrinsic factor.

They base their conclusions on

the fact that they usually found a history of dietary
deficiency, a normal gastric acidity, and a blood
picture typical of pernicious anemia.
There are several staunch upholders of the intrinsic factor deficiency theory.
Mudaliar and Menon. (70)

Among these are

Since macrocytic anemia is

prevalent in the well-to-do classes in India who have
an adequate diet they believe the anemia

to be due
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to a relative deficiency in the intrinsic anti-anemic
factor rather than a lack in the extrinsic factor.
Damashek (20) feels that macrocytic anemia of
pregnancy is identical with addisonian pernicious anemia,
and is due to a temporary suppression of the intrinsic
factor.

Since only two out of nine of Lescher's (60)

patients secreted normal amounts of hydrochloric acid
he suggests that temporary deficiency of intrinsic
factor may be an etiological factor.
The third group straddle the fence and state,
as in the case of Strauss and Castle(87), that the
anemia is due to a deficiency state brought about
either by a direct lack of an extrinsic factor in the
diet or by a lack an intrinsic factor in the gastric
juice.

'i'his agrees with statements made oy Green-

Armytage (40) and by Kickham and Titus.(52)
From the above evidence it seems logical to conclude that deficiency of either factor or both may
lead to the development of the macrocytic anemia of
pregnancy.

These anemias, as they are seen in the

tropics, are probably due to a lack of the extrinsic
factor, while those seen in the more civilized areas
are due to suppression of the intrinsic factor.

It

is true, however, that either factor may be deficient
in any part of the world.
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Signs and Symptoms
The symptoms of this anemia as described by most
observers are as follows:

The onset is usually in

the third trimester with gradual weakness, breathlessness, palpitation, pallor, mild edema, gastro-intestinal disturbances, and occasionally fever.

As the

anemia progresses these symptoms become more marked.
Soreness of the tongue and mouth, nausea and vomiting,
diarrhea, and marked edema are very frequent.
The physical findings include pallor, blanched
mucous ~embranes, atrophy of the lingual papillae,
and a variety of hemic murmurs. (70, 7, 52, 28, 69,
60, 21, 85)

Diagnosis and Differential Diagnosis
The diagnosis can usually be made with impunity
from examination of the blood,

The blood picture is

like that seen in addisonian pernicious anemia,

'rhe

hemoglobin ranges from 1,3 gm, to almost normal levels,
while the red cell count may drop as low as 50G,0UO.
'l'he color index, as well as the volume index, is almost
invariaJ:iw above one.
are quite common.

Anisocytosis and pci'kilocytosis

Normoblasts, and occasionally

megaloblasts, may be seen,
usually under 1%,

The reticulocytes are

During recovery, whether spontaneous

43

or due to treatment, ti,er,a is a picture of active
blood regen~ration;

marked anasocytosis and poly-

chromatophilia, and a striking increase in the reticulocytes. (20, 52, 28, 60)
Davidson and his co-workers (22) examined the
sternal bone marrow in sixteen cases and found a picture identical with that found in addisonian pernicious
anemia.

They clearly indicated that these anemias

have for their immediate cause arrested maturation of
the megaloblasts.
As noted in the discussion o.f etiology, the
presence, or absence, of achlorhydria is not constant.
Damashek (20) reports achlorhydria, but Davidson (22),
Lescher (60), ldiller and titurldert (67), and othars stata
that hydrochloric acid may be pr2sent.
Macrocytic anemia of pregnancy diff.c,rs from· true
pernicious anemia in the following ways.

It occurs

in a y~unger age group, it progresses steadily without
remissions, there is no relapse with ommission of
. specific therapy following del~very, subacute combined
degeneratio~ does not occur, and achlorhydria is not
uniformly present.
The fever may occasionally lead to a diagnosis of
sepsis, or the edema may suggest nephritis, but examination of ttie blood sbould make clear the true diagnosis.
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Course and ?rognosis
The anemia comes on insidiously and is progressively more severe during the labt month and the puerperium.

'£he course of the disc;ase is fairly rapid

and µremature labor is the rule.

After delivery,

treatment leads to prompt cure in most casss. (69, 22, 7)
The mortality rate for untreated cas,"s is, according to Barnum and noodward ( 7), 90%, while with
adequate treatwent, a mortality rate as low as 10%
can be obtained.

The combined figures of l,:cSwiney (64),

Balfour (6), and :atra (69) show one hundred and one
maternal deaths among 254 cases, a maternal mortality
of 39.8%.

Their fetal mortality exceeded 50%,

Mudaliar and Menon (70) reported a maternal mortality
of T,5% in treated patients, and a fetal mortality
of 31,3%.

Lescher had no deaths in the nine cases he

saw and treated.
It is to be seen that both maternal and fetal
mortality is very, high even in treated cases, while
in untreated CbSes the prognosis is extremely poor.
Treatment
Evans (30) stated that;

"The treatment of the

macrocytic deficiency anemia of p·regnancy .consists

in ensuring an adequate supp'y of raw materials to
the bone marrow."
.:>ince the work of Castle, 1 iver has been used
extensively,.and there is almost unanimity in the reports of success.

'n1ere is little to discuss in regard

to liver therapy for even the mode of its administration is generally agreed upon.

All observers remark

that liver Jn any form is beneficial, but that parenteral administration is the most satisfactory. (20;

52; 28; 67; 85; 60; 84; 70)
bage (83) reported a case, however, in wi:Jich
intensive therapy with liver extract, iron, and yeast
brought no improvement.
Bethell (10) studied twenty-five patients with
macrocytic hyperchromic anemia of pregnancy in which
he used a high protein diet on thirteen and low protein
on twelve patients.

The improvement in diet was fol-

lowed by a very Sifnificant increase in blood values as
compared with the control gr9up v,hich showed no improvement.

It is interesting to note that cethell did

not use liver therapy in this series.

"hether he ulight

have obtained just as good results with liver cannot
be determined •
. °i',ills(97) trea.ted a number of patients with liver
extract and obtained excellent results.

She then
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treated a similar series wi tb lJ:armi te, a yeast preparation, and obtain,:,,:, equally gooci results.

.;;,he v,a:c: un-

able to state ViLat co:nrn.cn factor waL present in ·tLe

two dxtracts, but shortly e.fter her work was done
lclarmite wa" sbown to contain the extrinsic factor also
present in liver.

J:i:udaliar and Menon (70) also ,rnrked

in India, but found yeast of no benefit.
It is generally agreed that patients suffering
from macrocytic anemia may also be deficient in ·iron,
therefore it is wise to add iron to the treatment.

( 30; 52; 28)
Blood transfusion has been widely advocated in
extremely sev,ere cases (85; 7) or in tbose rare instances in ;1hich there is no r0sponse to llv0r therapy.

( 28)
In general, it may be said that ti2ls anerr:ia can
b,' adequa.t8ly treate,j by
most cases.

se of 1lv9r extract in

It is v:ell to add iron .therapy.

tain cbses, blood transfusion ls indicated.

In cer-
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HEMOLYTIC ANEMIA OF PREGNANCY

hemolytic anemia of pregnancy may be defined as a
severs anemia occurring in pregnancy, characteri 7_ed
by a blood picture somewhat similar to addisonian
pernicious anemie., but not responding to therapy
specific for pernicious anemia,

It is due to the

action of an hemolytic agent of unknovm origin and
is of the type described by Lederer.
_!ncidence
This anemia is rare.· l,(urdock (71), 1927, reported three cases; '<i,owland (82) reported four cases;
bllan (3; 4) reported four cases.

Cut of seventeen

uases of grave.anemia of pregnancy studied by Lescher,
eight were of the hemolytic type.
E!:tiolop:y
This anemia is caused by the action of some
hemalytic agent. (3; 4; 30)

Howland (81), 1924, sug-

gested that it is caused by hemolysins produceu Liy the
ec Looermal cells of the _chorion.

uociemm (85) and

Lescher (60) state that this anemia is of· the type
described by Lederer in 1930.
anemia remains unknown.

Ihe etiology cf Lederers'

l'here is no evidence that a
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hemolysin ever develops in the maternal or fetal
structures.

Neither nutritional and digestive defects

nor infection seem to play any part in its production.
Symptoms and 6i5ns
In general the symptoms ana signs are very sircllar
to thos0 seen in macrocytic anerr;ia of presnancy.
Symptoms usually appear in the last trimester and progress rather rapidly after parturition.

Progressive

wea.kness, dyspnea, and pallor are seen,

ooema, pyrexia,

and sore mouth are almost always present.

Icterus is

almost constant.
Diagnosis and Differential Diagnosis
The findings are:

pallor, icterus, blanched

mucous membranes, glossi tis, a variety of heart murmul's
and occasionally enlargement of the spleen. (3; 4; 60)
~lood studies show a marked reduction of red cells
and hemoglobin, occasionally to levels of less tl1an
dme million and 25% respectivly.
usually about one.

TlJe color inc\ex is

Anisocytosis, ooikLlocytosis, and

polycbromasia are well mark ad.

Norrnobla"ts, megalo-

cytes, and megaloblasts are frequent.
of r2ticulocytes is always hi[i;.h.

'rhe percentage

The serum bilirubin

is increased and there. is a strong indirect van den Bergh
reaction.

One half of cases show albuminuria.

The

gastric Juice may or may not be normal. (3; 4; 60; 82)
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On one case that died the spleen, at au topsy,

,1a" ,:,ypical histolor;ically of the kind seen in hemolytic aneffia of Lederer.

the bone marrow also waE

typical. (60)
From the history and clinical signs alone a
differential diagnosis cannot be made '?:1th certainty
between macrocytic anemia and hemolytic anemia, save
that in most cases of the hemolytic type the patient
had a definite icteric ·tinge not encountered in the
other.

Glossitis is more common in the macrocytic

type.

The main differentiating points found in the

blood are three.

First, in the hemolytic type not

under specific treatment, the percentage of reticulocy tee is al ways raiseci.

In macrocy tic a!lemia, how-

ever, these cells are not increased until liver is
given.

Secondly, in the hemolytic anemia, since the

anemia is caused ·oy hemolysis, tL1e serum bilirubin is
increased and there is a strongly positive indirect
van den .Bergh.
type.

This is not true in the macrocytic

Thirdly, the two varieties react diff2rently

to specific remedies. (60)
Prognosis
According to Rowland (81) and Murdock(71), mortality is high in the ini,:,ial attack, but if the
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patient survives, the blood picture returns to normal.
Allan(4) states;

"After the uterus is em,Pty, treat-

ment leads to prompt recovery in 90% 01' cases.

,,ith-

out treatment, mortality ranges from 40% to 90/6.

11

One patient out of eir;ht in Lescher' s (60) series
8ied.

:lliscarriage or premature labor is the rule.

If

the child lives it does not show the anemia.
'.l:reatment
blood transfusions have been found to be the
most eff ctive therapy.

Eatients often rciact drarnati•

cally, especially after parturition, to a transfusion,
repeated if necessary.

In three of Lescher's cases,

liver and iron and a generous diet were used with no
improvement until treatment with blood transfusions
1-..as started.

( 3; 4; 60; 8 2)

Transfusion is essential in treatment.
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AFLASTIC ANEMIA OF PRE:GNANCY
Hurwitt and Field (46), in 1942, presented a
case of apl&stic anen,1a -of pregnancy and reviewed the
literature.

They found, in all, fourteen cases of

tb1s anemia oecurring dur1nr,c, pregnancy.
fourt;ien, only five survived.

Of these

The picture is that

of any ideopathic aplastic anemia.

Treatment consists

of intensive anti-anemic therapy plus frequent transfusions.

The results are not encouraging, however.

They suspect that the anemia may not be coincidental, but that gravidity may nlay an etiologic role.
'l'h~y are among the f' irst to present this theory, however and offer no convincing evidence to prove their
suspicions.

Certainly mer study is requireJ. before

this anemia should be classified as an ctnemia ctepenc.fent
upon pregnancy.
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6ICKLE C~LL AN~IA IN ~RLGNA.NGY
This anemia is not one peculiar to pret:ns.ncy,
but since I chanced upon several reports of it in the
literature, I thought to include it in this thesis.
Lash (59), in 1934, reported a case, and Lewis (61),
1936, added another to the series.

'rhe report of

Kobak and his associates (53), in 1941, on six cases
of sickle cell anemia occurring during pregnancy brings
the total to seventeen.
The anemia is believed to be a familial disease
transmitted vy both sexes as a Qominant n,endelian
characteristic.

It is seen only in Lhe younger ace

2:roup; most persons with ctctive signs of the die--eaE,e
ie Lefore the age of thirty. (53; 59)
Tbe final diagnosis rests on the blood picture.
during acute episodes there is a profound anemia; tbe
erythrocyte count is usually below 2.~ million with a
corresponding decrease in hemoglobin.

~ost of the

erythrocytes are sickle shaped.
r'regnanc;17 aoparently has an unfavoratle effect.
Five of the fifteen -,,hose history is on record did net
survive the pregnancy.
also uni" avoraule.
or more aoortions.

Hie prognosis for tt,e fetus is

»··ive of ttrn fifteen met hers :;ad or.e
Dix of toe fetuses woich reucLed

viability were macerat~d ctill 0irti1s.

~ig~t of tl~a
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babies 0orn alive hau sickled red cells.
Intensive antl-e.nen·,lc tm,rapy clnci multi;;L, olood
transfusions h3vo had a me~sure of success, Lut the
improvement v,'e.s only temporarv.

S4

SUMMARY

1.

'.L'he blood of normal non-pregnant women is

discussed, and the average levels are established.
2.

Hydremia, a normal event in pregnancy, re-

sults in diminished concentration of erytnrocyted and
hemoglobin but is not associated with any reduction in
the total number of erythrocytes or the total amount
of hemoglobin.
3.

Hypochromic anemia occurs in approximately 10%

of pregnant women and is hence the commouest type ooservild in pregnancy.

It is due to loss of heIL.a tinic

materials to the fetus combined with a deficient supply
of iron resulting from inadequate diet or improper
utilization because of gastric secretory and intestinal
abnormalities.

It may be prevented or treated equally

well by the administration of iron in adequate doses.
4.

Macrocytic anemia is rare here, but common-

place in the tropics.

It is due either to a temporary

suppression. of Castlels gastric intrinsii factor, or
to a deficiency of tl,e ~xtrinsic factor in the diet.
It can be relieved during or after pregnancy by the ad.ministration of liver extract in adequate ::tosage,
preferably by the parenteral route.
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5.

,iernolytic anemia, extremely rare, is due to

the action of a hemolytic aeent of unknown origin and
is of the type described by Lederer.

It is trested by

blood transfusions, repeated if necessary.
6.

Aplastic anemia is briefly discussed, and the

question of its dependency upon pregnancy is raised.
7.

The relation of sickle cell anemia to preg-

nancy is discussed.
In conclusion, let me state that the anemias of
pregnancy are much more common than heretofore suspected •• Altiiough they have not received the attention
shown to toxemia and other savere complications, thay
a,:·i, serious if only l.Jecaw,0 of tueir rreq;.ency.

It

is to be recommended that routine ante-partum and
post-partum blood e):aminations be ma:ie, 1rn:i if anerr:ia
is found, tterapy instituted at once.
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